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ABSTRACT 


This report describes the construction of a rubber-modified hot-mix asphalt 
pavement on Route 32 in Albany County, in NYSDOT’s Region 1, using recycled-tire 
rubber. It includes plant operations and construction procedures for both crumb- 
rubber-modified and rubber-modified asphalt pavements. 
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CRM: 


ACRONYMS AND DEFINITIONS 


asphalt rubber (asphalt cement binder modified with CRM) 


crumb-rubber modifier (crumb rubber derived from scrap-tire rubber with 
a gradation of less than 1/4 in.) 


: hot-mix asphalt 


Intermodal Surface Transportation Efficiency Act of 1991 


: rubber-modified hot-mix asphalt (CRM blended with heated aggregate before 


adding asphalt cement) 
recycled-tire rubber 
asphalt cement 


falling-weight deflectometer (a device supplying data on structural 
strength of a pavement section) 
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I. INTRODUCTION 


A. Background 


In 1994, the New York State Department of Transportation must begin paving with 
rubber-modified asphalt concrete to meet provisions of Section 1038 of the 
Intermodal Surface Transportation Efficiency Act (ISTEA)° of 1991. This 
legislation requires each state to incorporate crumb rubber obtained from scrap 
tires into hot-mix asphalt (HMA) pavements. The 1994 quantity of crumb rubber 
to be used is calculated based on l1-percent usage in 5 percent of the total 
tonnage of HMA, financed either wholly or in part by federal funds. Due to the 
Department's limited experience in successfully incorporating scrap rubber into 
HMA, it was decided that a pilot project would be beneficial to study the effects 
of recycled-tire rubber (RTR) in HMA. Route 32 between Coeymans and Westerlo in 
Albany County in NYSDOT Region 1 was selected as a suitable candidate for this 
investigation. The Engineering Research and Development Bureau and Materials 
Bureau developed an experimental plan for the pilot project. 


B. Objectives 
In this reconstruction, the Department planned to gain experience and knowledge 
in use of crumb-rubber modifier (CRM) and asphalt rubber in HMA. The following 
issues were to be addressed: 


1. Hot-Mix Plant 


What are the effects on plant operations and mix quality of adding 
asphalt rubber (AR) and CRM to HMA? 


2 eGOnscrucct ron 


What are the effects of AR and CRM on the paving and compaction 
processes? 


3. Health Effects 
What are effects on plant personnel and the paving crew of fumes 
generated as a result of adding tire rubber to the mix and asphalt 
cement? 


4. Performance 


How do CRM- and AR-modified pavements perform compared to conventional 
HMA pavements? 


See COSt 





Will the additional cost of adding CRM to HMA be offset by a longer 
service life? 


GuanMaterials 


The rubber was added to the HMA by the wet and dry -.process. The wet process 
consists of blending tire crumb rubber into the asphalt cement and allowing it 
to react before adding it into the mix, producing AR. For this project the AR, 
known as "Ecoflex," was supplied by Bitumar Inc. of Montreal, Quebec. The 
Ecoflex process uses RTR to produce a rubber composite asphalt containing 10- 
percent RTR. This material is terminal-blended and shipped to the plant ready 
to use. Among the manufacturer's claims are the following: 


1. It provides substantial performance improvements, such as resistance to 
aging, rutting, and cracking, as well as improved binding qualities. 


2. It does not produce toxic fumes and poses no threat to the environment 
and/or worker’s health. 


3. It allows for eventual recycling of the pavement itself. 


4. It involves complete dissolution of the RTR to ensure homogeneity, which 
permits extended storage. Typically, rubber-modified asphalt cement has 
a relatively short storage life (a few hours) but Ecoflex can be stored 
for several months. 


The dry process consists of adding RTR to the aggregate at the pugmill and then 
mixing with a standard asphalt cement, producing a RUMAC. In this project, l- 
and 2-percent crumb rubber was added to the aggregate by weight of the total mix. 
When CRM is added to HMA, more asphalt cement is necessary because the rubber 
absorbs some of the asphalt. For mixes used on this project, asphalt cement 
content was increased 0.2 percent for each 1 percent of rubber added. The CRM 
for this process was supplied by Baker Rubber Inc. of South Bend, Indiana. The 
CRM gradation used is listed in Appendix A. 


D. Project Description 


Route 32, a two-lane highway approximately 28 ft wide, was scheduled for about 
3 miles of reconstruction with full-depth, 9-in. thick asphalt pavement. An 
order-on-contract was processed to include construction of four test sections on 
this project, using specifications prepared by the Materials Bureau. A control 
section, using all conventional materials, was also built. Each test section was 
2000 ft long. The 9-in. pavement section was built with two 3-in. layers of Type 
l base, 1.5 in. of Type 3 binder, and 1.5 in. of Type 6F top. The test sections 
were constructed with various combinations of conventional HMA, RUMAC, and AR 
HMA. The proposed test sections were to be constructed as listed in Table l. 


Table >. Pavement sections as proposed and as built. 
Course and Depth, in. 

Section Stationin To le fu Binder (1.4" Base (3" Base (3" 
Control 282+30 to 302+30 Conventional Conventional Conventional Conventional 
Test 1 302+30 to 322+30 AR Conventional Conventional Conventional 
Test 2 322+30 to 342+30 AR AR AR AR 
Test 3 3424+30 to 362+30 

Proposed 1% RUMAC 2% RUMAC 2%_ RUMAG 2% RUMAC 

As-Built Conventional 2% RUMAC 2% RUMAC 2% RUMAC 
Test 4 362+30 to 382+30 

Proposed Conventional 2% RUMAC 2% RUMAC 2% RUMAC 

As-Built Conventional 1% RUMAC 2% RUMAC 2% RUMAC 





AR = Asphalt-Rubber, RUMAC = Rubber-Modified Hot-Mix Asphalt Concrete. 


II. PLANT OPERATIONS AND CONSTRUCTION 


A. -Plant Operations 
1. Asphalt Rubber (AR) 


The Bitumar product (Ecoflex) was used for this project because of its 
availability and extended storage life. It is claimed that hot-mix plants 
can receive, handle, and store Ecoflex in the same manner as_ any 
conventional AC. However, a pump at the plant failed due to the increased 
viscosity of the AR which required extra power to pump the asphalt rubber. 


2. Rubber-Modified Hot-Mix Asphalt (RUMAC) 


The CRM supplied by Baker Rubber Inc. was packaged in 25-lb low-melt 
polyethylene bags and delivered on pallets. About 2200 lb of CRM were on 
each pallet, and a large storage area was needed for the CRM. 

Production of the RUMAC was slow. The 3-ton batch plant produced less than 
100 tons of RUMAC per hour. It regularly produces 150 tons per hour of 
conventional HMA. The reduced production was due in part to adding the CRM 
manually. The contractor used a forklift to raise pallets of 25-lb bags 
onto a platform near the pugmill, where they were added as needed. Depending 
on the amount of CRM being added to the mix, three to five people were 
required to supply and add CRM to the pugmill. 


Because the CRM was added manually into the pugmill, it was necessary to 
bypass the plant automation. The plant operator repeatedly had to override 
the automation to open the gate to the pugmill, while workers manually 
dumped CRM in whole bags into it. Leaving the pugmill doors open generated 
considerable dust, requiring workers to wear protective clothing, goggles, 


and masks. To ensure adequate mixing, the aggregate and CRM were combined 
and mixed for a minimum of 25 seconds before the AC was added. 


During production of both the RUMAC and AR mixes, the temperature at the 
plant was increased about 25 deg F to increase mix workability. The average 
temperature of these mixes was approximately 300 deg F. The plant inspector 
and crew complained about the odor present during production of both the 
RUMAC and the AR mixes. 


B. Construction 
A control section was built with conventional mixes before placing the test 


sections. Control section performance will be compared to that of the RUMAC and 
AR sections. Mix designs for all test sections are included in Appendix A. 


1. Asphalt Rubber (AR) 


In July 1993, the contractor's crew began paving Section 2 with Type 1 base 
course containing AR. Two 3-in. lifts were constructed. Asphalt content of 


the mix was 4.3 percent. The AR contained 10-percent RTR, resulting in 
0.43-percent rubber in the hot mix. Soap was added to the water in the 
roller to eliminate any potential problems of picking up the mix. No 


problems were experienced with laydown and compaction except for the odor 
noted by the paving crew. This base course was overlaid with a 1.5-in. lift 
of Type 3 AR binder course and a 1.5-in. lift of Type 6F AR top course. AR 
was also used for a 1.5-in. lift of Type 6F top course over the conventional 
Type 1 base and Type 3 binder courses of Section 1. No problems were 
reported during paving. 


2.  Rubber-Modified Hot-Mix Asphalt (RUMAC) 


Test Sections 3 and 4 were constructed with 2-percent RUMAC Type 1 base 
course. Each section contained two 3-in. lifts of RUMAC base course. The 
mix came from the truck and went through the paver without any problems, but 
some were noted during its compaction. The mix was tender and checked under 
the roller. To prevent pushing and shoving of the mat, the roller operator 
broke down the mat with two vibratory passes up to the paver and then waited 
until it cooled sto: about, 160 deg F to .finish rolling. The higher 
temperature needed to produce and place the mix increased the time for the 
mat to cool sufficiently before finish rolling. 


A few days after paving the second lift of RUMAC base course, it was 
discovered that an area of the RUMAC base in Test Section 3 had failed. 
About 90 ft of the northbound lane had stripped and ravelled. The ravelled 
area was still wet from overnight rain, suggesting that moisture had 
penetrated and remained in the pavement. Material from the failed sections 
was removed and replaced with new 2-percent RUMAC base mix. 
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Sections 3 and 4 were then paved with a 1.5-in. lift of 2-percent RUMAC Type 
3 binder. The roller pattern used on the RUMAC base was also used to 
compact the RUMAC binder. The Region 1 Materials Engineer changed the mix 
design for the northbound lane of the binder mix, making it coarser with 
less sand to increase the air voids. This was an attempt to find a modified 
mix design that could be compacted with a conventional rolling pattern. The 
revised 2- percent RUMAC Type 3 binder mix did not react any differently 
during compaction than the original 2-percent RUMAC mix, and was compacted 
using the modified roller pattern. 


A few weeks later potholes and ravelling were reported in an area of the 
original 2-percent RUMAC binder mixture in Test Section 4, involving about 
200 ft in the southbound lane at the extreme north end of the project. 
Region 1 Materials and Construction personnel met with Main Office Materials 
Bureau representatives to discuss repair, and it was agreed to remove the 
ravelled 2-percent material and replace it with 1l-percent RUMAC Type 3 
binder. The l-percent RUMAC Type 6F top course was eliminated from the 
project to supply rubber for the 1l-percent replacement binder mix. 


Work on the 2-percent ravelled binder was started using a front-end loader 
and grader. This material was extracted easily but pavement outside the 
ravelled area could not be removed using this equipment. Work stopped until 
a milling machine could be located. During the initial removal, the 
ravelled material was found to be only l-in. thick. Given the top-size 
aggregate for this mix, it is unlikely that sufficient density was achieved 
in this area. The surrounding unravelled mix was 1.25 to 1.5 in. thick. 
The milling machine arrived and the remaining 1800 ft was removed. Due to 
logistical problems, the millings were used as fill elsewhere and not 
recycled. The milled surface received a tack coat before placing the l1- 
percent RUMAC binder. The same roller pattern was needed on the 1-percent 
as on the 2-percent RUMAC mix. A conventional 6F top course was paved over 
both RUMAC binders. As constructed, the test sections were as also listed 
in Table l. 


Some health-related problems were reported when the 2-percent RUMAC was 
paved. After five continuous days of CRM HMA paving, the paver operator and 
a laborer became ill, one with bronchitis-like symptoms and the other with 
a severe nosebleed. Due to these problems and complaints from plant 
personnel and paving inspectors about odor, air quality was monitored for 
hydrocarbons during August. Monitors were worn by the paver operator and 
another crew member to collect air samples during actual paving. Results of 
this testing are given in Appendix B. 


Falling-weight deflectometer (FWD) testing was performed after paving was 
completed, providing data on structural strength of pavement sections, with 


the results included in Appendix C. Cores were also taken in each test 
section to determine air voids for each mix type. Results are given in 
Appendix B. 


Hot-mix samples from each mix were taken during paving and will be tested 
for Marshall properties and resilient modulus. 








III. OBSERVATIONS, CONCLUSIONS, AND RECOMMENDATIONS 


A. Observations and Conclusions 


When producing RUMAC or AR mixes, mix temperature must be increased about 25 deg 
F to increase workability. When using AR, it should be noted that it is more 
viscous than standard AC-20. Some plants may have problems pumping the AR with 
existing equipment. 


No major problems were reported concerning construction of any of the test 
sections, but some modifications of the rolling pattern were required to compact 
the RUMAC courses properly. When hot, mats of these courses were spongy and 
checked under the roller. It was found that the roller had to break down the mat 
immediately after paving and then wait until it cooled to about 160 F before 
finish rolling -- at that cooler temperature, the mat moved less under the 
roller. To prevent shoving, RUMAC mixes must cool more than AR or conventional 
mixes before opening to traffic. 


Results of air quality testing indicated that RUMAC air samples and conventional 
asphalt-concrete-paving air samples were essentially the same. Worker exposure 
to hydrocarbons was below permissible exposure limits (PELs). Nitrates, 
sulfides, aldehydes, and phenyls were monitored but not detected. Air sampling 
results suggest that a respirator is not needed to prevent overexposure to 
inhalation of fumes when producing RUMAC or AR mixes. Experience from this 
project indicates that rubber mixes caused irritation to some of the workers. 


The finished pavement was cored and tested for percent air voids. Cores 
containing 2-percent RUMAC had higher in-place air voids than those containing 
conventional HMA or l-percent RUMAC. This indicates that compaction procedures 
or mix gradations may have to be altered to achieve higher densities for 2- 
percent RUMAC mixes. Air voids also vary more among samples containing higher 
percentages of rubber than those having less or no rubber. Visual inspection of 
the cores showed good distribution of rubber in the RUMAC mixes. 


The finished pavement was tested with the falling-weight deflectometer. Larger 
deflections were found for the AR test sections containing crumb-rubber modifier 
by the wet process. The 2% RUMAC test section had the second highest deflections 
followed by the 1% RUMAC test section with the conventional control section 
having the least amount of deflection. This suggests that crumb rubber increases 
the flexibility of the pavement, and in the future may prove to provide better 
fatigue properties. However, the greater the deflection in the asphalt pavement 
the greater the deflection in the subgrade. The effect on the pavement’s 
performance due to the increased deflection of the subgrade is unknown at the 
present time. 


In general, the cost of paving RUMAC and AR mixes was double that of conventional 
HMA. Conventional hot mix ranged from $22 - $27 per ton while RUMAC mixes ranged 
from $55 - $65 per ton and AR mixes ranged from $40 - $50 per ton. Higher cost 
may be partially due to the change order, but most of the increase can be 
attributed to CRM and AR expense, extra labor involved at the plant and during 
placement, and reduced production rates. It is anticipated that costs may 
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decrease as methods of adding rubber are improved and larger projects are built. 
A cost analysis for this project is given in Appendix E. 


C. Recommendations 


In the future, the Department should look more closely at mix-designs for RUMAC 
mixes. Effects of variations in aggregate and CRM gradation should be 
investigated. CRM absorbs some of the AC; a finer CRM gradation would have 
increased surface area, speed up the reaction taking place with the AC, and 
increase the amount of AC absorbed. Other methods of blending CRM with AC for 
production of AR should be evaluated. Some methods create a product having a 
short storage life. Sampling and testing procedures are needed for AR products. 
Compaction procedures for RUMAC mixes and the effectiveness of nuclear gages on 
RUMAC and AR mixes should also be studied. 


Engineering properties of rubber-modified mixes should be investigated to 
determine possible benefits. It is not yet known if the added cost of CRM 
asphalt pavement will be offset by longer life. Long-term pavement inspections 
will be needed to determine if adding CRM will improve asphalt pavement 
performance and extend its life. Pavement inspections will also be necessary to 
determine if the higher percent air voids typical of the crumb-rubber modified 
sections will have an effect on pavement performance. 


Further research is also needed to determine if problems occur when RUMAC or AR 
pavement is recycled. Recycling asphalt pavement containing RTR has not been 
attempted in New York and very little recycling has been reported nationwide. 


Finally, evaluation and reporting of pavement performance, structural properties, 
and durability should continue. Performance of these Route 32 sections should 
be compared to that of the adjacent conventional control section. 


APPENDIX A 


MIX DESIGNS 





& RHNAYTA 


evicmead Fi 


ri 


es 


- ith 4 = ve) a tk ‘a; 
ee ae i ba)? 


r 





aie 


am, 


Formula No. 


Facility No. __ 


NEW YORK STATE 


“BR 344b (2/89) 





GANIVI3Y LN3ZOUSAd 





















i—) 
<4 
2 
i=) 
@® 
< 
ro) Hs 
@® 
iif Pavan 
tae | 
2 || ULLLELLLLL | Ht Mall ih 
z 
9 
= 
i ii Wi i a lh 
= 
= 
” 
z 
z 
i ii 
: (al / 
> 
Cc 
F : yl Hi 
ois Ki 
Sz iV YY 
eee 
wa DE) 
ae i | 
2 = 
Oo 
Lape ~~ 
= o 
>< 
Sta oe 
agW DD 
no Ss Sv 
z2eoao4 
< atk, 
pie O eh 
= ” LL 25 
Le fo) 
Ears 
i ee 
=e a0 
uw <x 6 > OD 
Bs 1S 1s 
mi toe 
< 
a. L 2 
Wi 
ra) 


AGGREGATE INFORMATION 
Aggregates 


MINERAL FILLER 


FINE 


11/2 


10 
0 


[ Gls) ete ging . grog 
ONISSVd LN3S0”83d 


U.S STD. SIZES — RAISED TO 0.45 POWER 


Asphalt Content 


Percent 


Sleve Size 


% Passing |2.JMF Range | 100 | 








O 

! 
TJ 
foe) 


[| 
oe 
2s 
es 
| 
+ 
wy 
CO} un 
fon 
w ™~ 


90-100 


100 





Date 


Approved by Regional Director 






Paving Asphalt - Asphalt Rubber 


**kBitumar Inc. 


Remarks: 


Formula No. 


Facility No. 


NEW YORK STATE 


“BR 344b (2/89) 


G3aNivia¥ LN390u3d 
o =) i) = ° 











AGGREGATE INFORMATION 


(sh 


) 


8 





/ 
d 
3.8. “ves 


5 = 
ONISSVd LN30"3d 


o 






2 


= 
= 
2 2) 
om 
Cael 
~ ¥ 
g AE 
@® 
ESTATE AT 
oz ALY - f| 
STULL 
° i | v4 ‘4 
r Vi [be 7] 
| | 
‘7 
z 
z 
3 
7) 
ry 
E Ye pat nf 
® yi } Vi 
a 
8 3S x LL Ki 
j= ), iV /, 
BES 
tao | 
Al ie 
z / V 
= 
ry TN 
Cc a hy 
ae | an 
Ss wm > $a 
nc s 3 
z> ~ 
<m &2o 
c (e) o'7 
ee <p Ve 
Le eo 
-re-es | 
Zz Lu @ ! 
i= Ses | d * 
re 5 i ‘A I 
i. 4 fe ; 
uw 
Oo 





& 8 


nd, 


Baker** 


FINE 
round 
Rubber 


0 
0 


g 


8 


40 


118 


114 


U.S STD. SIZES — RAISED TO 0.45 POWER 


2 


11/2 


Es 
8 § 
@ 
=f 
es 
$a 
” 
< 


| 00 | 90-100 





La] 
= 
E 
= 
r 
es 
5 
o 
= 





Date 


Approved by Regional Director 


(Baker Code: WRF-10/30) 


ground rubber Baker Rubber Inc. : 


key, 


Remarks: 


1039a1g jeuoibay 








peraoiddy 





azeqqny 3pTeydsy - j[eyudsy Butaeg ‘ouy AvUNITg xx syJeWaYy 


ane, yabsel “£ 


abuey 4WP ‘Z| Suissey % 
ge UI] je18Ua5 “| 




















00Z 08 Ov 02 8/L v/t e/t l c/t tb 
1 cee (eed Caicaed (aa (cians | Rance ceca Cato : z 0 
| an Ea Scoala 
== == ee 
preter Ne ds Ens Steed 
06 2S a es 2 ees Sees eet pamoeynuew) = ® [] Ob 
Roo sendin na bed ee aa a} 
’ Ser ee en a 
|__|} << ph ht UZ-I audis Vi “ON Q 
0; SS B oH oz 
=. iS So ee (A 
ca Ns BS SF ees ee pl uc-T Se 
(iecaadesitiniaed (eal ee ee W-1 aot 
ery Gana Late ee (eee ee ee eee Pe ae auois Z ‘ON oe 
a iP 
ll | steal [aed Ee ae TN Jaquny ~aquinn suig peay pio) : 
ar eee Fee Ne ee eee ee aa em isa 3010S arebalbby 
09 Se eS op 
~ ———— (2) (t) 3 2 
a SS SS SS 3 Hig 32 
° =| Seca Cea AN NOILVWHOANI 31/93H99V a ni 
F os pene eo . ad og 
= (abel aelensad Eta al i ee = ii Beak ORE Plo 3 
Sel 
m Spe eye ae ae oe e 
Sy == QE SS EN f 
Se SS SS SS Hts 
pas [po eee Ba 
5 SS = pa 
SS eae SRY a Soe a eee 
Of BS SS ee ees aaa. ~ Se ON | OL 
2 SSS SS SSS 
ae ee ee ss : 
es es ee 
0z ieee aed OS Se ea ee ee re ee a ey ae Se ie ae | 08 
ee ee Se a 
ese ee pS ere. <a. SEG 
——————— —— 
a SS 
OL (aia — SEE 06 
CELE PERE |p ree Re 
es ee ee 
Fd eee al Sc 
SSN a a Le Ca SSI 001 
0 SM) PetyTpoW Toqqny 
€6/T/L  (49eq UO suONONAsU! UOI!ss!Wqns) (asuaq) sapuig ‘g adAL 
Nepean pe OE POTS VINWYOS XIW gOr 





uol}e907] Jue 
=e Leta NVAYNS SIVINILVN 


sjjjw6ng yueld NOILVLYOdSNVYL JO LNAWLYVd3aG 
: SONUE INU IO eo T uoibay 3LVLS NYOA MAN (82/Z) 1-867 ua 

















G3NIVL3Y LN398ad 














40 VIN G |CUOIDEY 








neq paroiddy XIW GHSIATY YASUVOD 


€6/L2/ 





(O€/OI - JUM *9pod AeyYe_) Aeqqni punors YZ] xx 


fo} 


isis Cas oe ba oa 
Crees °Y c=. ci=s 
S‘9-S'y 8°~ 9L-v 


inalieal 
ii ard 
1 | coze | ¥ 


8/L v/t c/t t Z/t t 


OOZ ON}; 08 ON 


N a 
© ms 


8 
N 
So 
© 
Oo 
<s 
o 
Cw 




















ee ee Na ee — 
= reg ge ore renee 
ae ee ae ee ee ee ee eee [Boh 
———¢$ yp — [nents en ee ~~ on eran ern mene a sm ee nen ee | : 3 > : 
me eis a Wal Ss) a GS! i en cee ell eon noc coment | ~~ -oriewr | painjoesnueyw Ey v4 | | 
————_—_ + ik ee ee “1 Beied ——H 
: Re ale nate A aire Dn a lee 
ESS SS SS ES Se be ae oe oe ee Seem uz-1 | 2u0IS VI ‘ON c 
Sp of 
Ry Ser ay ee wees | 
Se auojIg | ON [a “ | 
Pe tee pees en a ee a ne a uc-1 33 : 
ote Scie eae ciel eet Generic! (patent aaeaale, Sanrcamin! Gunasebienacascoammammen sae! 4 
SS SSS: 
a : 
ee Se ee her aS JaqQuinn laquinny suig pee pyjo4y H 
ore Oe -——— isa bitte) arebesb6y 5 
a Sean Eee Ea “Wan de! aR SE ES ees warnprererrnns (Z) (L) rT) 
ee SS 5 
een. See eee! 
Geet eccana! ae NOILVWHOGANI 31/93 0H9D9V 5 
(eS) al) ee Es a Ne ed Dl cee | ~—nstam Povo | | 
[7 SS Sa jaa ON SOEs! GAS eee — —-———_—_—_——_ 
a) i= a] . Genaeies,. | | snes aa ee) Ea 
—}-—-— SS eS - -— 
| NOx 
aS) Ga ae et Se ES ey | er EI NC 
et De ae ee reer [rere e Qo arin aag| 
ero eR pS 
|__| —s< EORCEnnnEneeeen = Se 
= =< — —— 
Pe pm SoG Siar iene of Ea ~! ee SS ae Fe 
—— | 
2 ae ad Eee) Ee a 
Ei a see ia) aie | Eee: eee ees ee] ee aes | De 5 Sloe 
_——————$ + gp ES 
vy ea ieee | (eer eee ercieiacries | Rehm aeemereerine | inion ton an “aes ener | Elie. 
Ee Sa 
— 
Ea aed ae tse ee 
eee Soe | eee ee S| Po ge eer NS 
ee Ee i 
Pere Oe Pa Ee J | - ff ee, “REE S55 eed 
——————_}—_} Se Be ee ae ee eee 
Ei ees eS ae ee Se ee a ee pee «Gt le ee ee 


qd) petyrpow rzsqqny 
€6/S2/6 (349eq UO SUOIJONYSU! UOISS!WqNS) (asuaq) sapurg ‘g adAy 


ayy ON bet ead en VINWYOS XIW sOr 


u01}e9077 Ue 
= peel NV3AYNS SIVINILVW 


weld NOILVLYOdSNVYL JO LNIWLYWd3aG 








sjjiwing 








| 





syseway 





ol 


02 


Ov 


0S 


09 


ONISSVd LivsDH Sd 


02 


08 


06 


Lele} 


‘ON e(NWOY uoibay 3LVLS HYOA MIN (82/Z) t-86Z ua 


GANIVL3Y LN3ID83ad 
° ° =} 9 ° 2 S S 4 









a 
€ 
oH 
3 
a 
Tilt CEE HTT TCE? eV © . 
= 
= wie a 
= 
; ‘tt 4 
2 Me ~ 
2 ~ 
=] na iM 
E a 
ro) ron 
uw 
x 
[S} 
@ 
c 
5 tt © 
2 i il = 
6 
eS 
(Ss) 
5 
ee 
GB 
c = 
Sa Cc 
See Ww 
833 tL 5 
c Sz z+ 
o--miome & am 
‘oo pceiceia | = + 
og) Sy ro) 
jog — 
aan O 
— 
O 
uw 
” 
< 
cc 
| : 
é ANA x 
° 4 Kk af 
a ] iy * 
& Oo 
<q -~ 
Ww = z a 8A | bh 
E Sw 3 5 hs og 7.) 
nO Co 3). — 
o o m7 i 
vw a w oe) 32) ha <x 
reg ae roe Vin Pe a 
Out y ay = 
+10. = a2 ss 
(wd ee o> (e) 
Stu es re fx, 
w Ze au F S 
zawd QO so = 2 
=s Or aT) 7 i ke 
= a Al Z 20 be 
< me “aeets) mw |e ~~ 1 
< 4 NIN ae a) 
: LH DAP Asie 
an) © — | 
ce 
<= 


<a . 





**k 1% ground rubber (Baker Code: WRF - 10/30) 


100 


. 1 
i ; 
o}/ 2] 2] §] ® Ae 
£] So} 291 gi SiH 3) 2 
Sol] nl] va] @] 3d lve els 
o] <q oe |cO © 
oe) |] —] =| 5 [30 cl} + 
ir o ic) re) e |O2 aL & 
5 | =| =| 2] Sk 2/5 
qd = é Shee 
3] eyebe166 93860160 wi| 
ro) Vv 
. @s1e05 auld N 
= 
BaP Raa ka eS Seseas = = 
" 
° ° ° ° ° =) ° 6 
® © R © Ye) t ” 1 = a. 
ae 


ONISSVd LivZDU 3d 


BR 298-1 (2/78) 


Date .9/27/93 


Regional Director 


Approved 


ORIGINAL MIX 


Remarks 





perouddy 

















(O€/O1T-duM :®PpOD TeyVG) Aeqqnz punozs yz yy  *HeWeY 


zz ee 
Z7-8 | 62-ST| €S-6E | 89-76 


ay | ize | eect | zoze | veer | 06-02 


Y3AMOd St’0 OL G3SIVY ~- S3ZIS “G1LS ‘S'N 























ao 00Z 08 Ov 02 B/t v/t Z/t L w/b 
Reed Ee ee = Na i nr |e NS ae ere eee | meee 
oe SN SES == Se E 
eed DL Sd oe [$1 sees | i) 
Se eS ea eee st Satine Ne 
x (Se eee el | eee eeedeoeenaay sa aameal 
06 Se a Oda painoesnuey ry] Ol 
ee Ne I a | 
a od oa a neared | Pac 
(eee oe 
EG AE A Se > 
oR EN a —————— —1F of{ 02 
Nia — SS ee, aus LON 13 8 : 
a ae] ee he 
ns aes 2 Se a eee ae 
7. —— = 2S Se Se a ee auois Z ‘ON H oe 
= we Sees F 
Pop RS Jaquinn laquny sulg paay pio) : 
ES en EE ee ee ee soy g0unos ayebasbby 
09 | CSS ES SS ne ed Ee eee B Ov 
a) al De Soe eee ee “ eon (2) (t) i Ea 
m as eer SS Fi m 
ps Ss ee SG : 2 
=a ae a EE SS 
F os aS SS Se a ae ot = 3 
ar] (eee a cl Scene Cann Ee rae a [Poa eee Sea eee eee ee eee ae 
a oe Sees Ee ST Ee SN SC gee pee Se 2 
R tt oN PON EEE 5 
> Op eee 6 SSS SS Sa Ses o9 S 
= 0 |p | EE Ce 
@ tt Rot ee Esra os a 
m ne Seo Ra = =a = a ee] 
es a re a =, oa = eee es ea Se 
ES SSS eee (es ee > a ee HR 
oe a ee NT a : OL 
Sos Ls A a Sb = 
Sa SS SE 
“es —— ee “a 
= | SS ee ee SSS ees 
Ceo Reed SSS NN ee eee 
ot ————S———_E—E————— ae 06 
——— a ce ee ee Soe me ee a Sa ee 
fp ain hat eee pere ay (Ree Sy ey 
ES SS Ss 
bane ee SS 
0 ool 
Aud 
EGAN OS oMished uo sith onic deuoieaugrs) Cs Ae 4 te es CRU 
ULL maa distaste AG-POMIUIGNS VINWHOS XIW gor 





u01}2907] Jue 
, taba NV3IYNE SIVIYILVW 


UE Id NOILVLYOdSNVYL 4O LNAWLYVd3ad 
‘oNeinuuoy ——CS™CST~S—C~*é« OGY 31VLS NYOA MAN (82/2) L-62 ua 








sjiwi6ng 

















G3NIVL3Y LN30”"3d 





08 


02 


Ov 


oe 


02 


Ol 


%% OV 


epely 
weydsy 





€6/9/8 


———_7_ uo}6ay 





i 


Y3MOd Sv'0 OL GASIV 
vit 


AH 
iat 
| 


pea 
| ie 
| il 


UE ee | 
| 


CATT er AT 


(WOVE NO SNOILONYLSNI NOISSINGENS) 
ae Ag paywaqns 
UO}}B907] JULI 
Weld 


"ON eiNWI0O4 “ON Aquioey 


eqqny ateydsy = - 








neeing sjepeyey ‘10}9e11g Aq peaoiddy 


10}001jg jeuco|Bey Aq jeaoiddy 40} pepuswwooey 


uey JW” 





Y¥ — S3zIS ‘Gls s'n 
Tih tb 


jesNyen / 
paunjorjnuey 


Y3TIId IWYHSANIW 





UONDI4 02 
yBIn Vit 
oe 
BUOIS BJeUuOqeD 
-UON VL'ON 
Ov 
me) 
QUO]S ByeuOdieD py 
-UON |L'ON 
0s 2 
=] 
uv 
> 
JOQUWNN 09 o 
pusjg Bare soebolbby 5 
ayebalbby Ss G) 
NOILVWHOGNI JLVDSHDOV yf 
08 
06 
00t 


(uoyjo14 YBIH) aSINOD do, 49 BdAL 
(LAM) PeTJTPOW azeqqny 
VINWYOS XIW sor 


NVAYNE SIVIFALVW 
NOILVLYOdSNVUYL SO LNAWLYVd3d 
JLVLS MHYOA MAN 





(6g/z) e721 YE 








7O1-duM :2p0) doqqhy puno1i5 aoyeq Ss wewee 




















e18GQ Nneesng sjeyeyeyw '10}0e1;g Aq peaoiddy 
i 9}8G 40}001jg jBucjBey Aq jeaosddy 10) pepuewwooey 
| [Oo er [ee esi | te Durssed %4 
of ec ce : i Ee 
epeld ‘ON @Z|S @AR{S 
weydsy 
Y3MOd S¥’0 OL GASIVY — S3ZIS ‘GiS S/N 
0 00z 08 Ov 0 g/t vit ray ; L ra 
00+ pe] = eS ocd 
wl Datel Re Ll TT as TSI pec 
i Sel Be ete On ieee] 
 ™ Ee pues 
06 bcd Sa ea jesnjen / Ol 
Pa eee seens oe a 
ASS pnreven : 
eke pont pusig I | sexve Y311I4 TWH3SNIW 
08 ial BEd Geet U0{}91J4 02 
Ned CT, Wed SE 
Ean DG Sia UGIH Wit AOOI-I jesnyen 
Lie NE 
Py) = hee pualg WAZ-[ | Peunjoesnuew oc 
Sond Ene Gua wea ee 8uUudg}S sjyeuogie 
4 
Pana owe ee UGIH 1H saat | SION VON 
a 
Ciieeneeen 
fa feed Cam ee |b. Gl a | suz-1| 8UOIS VI “ON oS 
m lee eee Oe ee m 
2 oer ool) & 2 al Gee “ee See eUud}S BJeUOqIeED D 
re) Soh al a Wee, “Ges coe accom -UON |'ON re) 
M oc wea anual * aS mnie, “Genter cnacaal EG SESE o 2 
aS Se Sie se 
lee el Poe ae =a I 
P) Cite tel eee 0 
my ne a ae ae = 
aa brs ae ot ee ee ae sequinn pe sh 
= Qo hk eee puaig sone sojebolbby = 
lisa linac ab. 
m ie ed a ejebei66y S es 
i a Bok Breed beeline 
oc Foe Ct Sl are = oF 
See 
ae pe ge ee er ee ILVWHOANI JLVOSYHDOV 
fof Beas b Sa! tielieinaaenin onal 
ee gee ee 
oz Se Sa] a 08 
ry 06 
0 001 
6 — 
(MOVE NO SNOILONYLSN!I NOISSINGENS) i als cata doy 49 oust SS 
Pe er ee ee AUG) PpetyFPoW Teqqny a 
SGy/OGproacied Ag payiwaqns VINWYOS XIW gor == 
mish nva"ng SIVvIaLVN SS 
I uo|Bay iuUeid NOLLVLHYOdSNVYL JO LNAWLYVds0 


"ON BjNWOY "ON Ayoes ALVLS MHYOA MAN (eg/e) e221 ua 














BAKER RUBBER INC. 


CRUMB RUBBER GRADATION 
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TO: 
FROM: 


SUBJECT: 


DATE: 





MEMORANDUM 
DEPARTMENT OF TRANSPORTATION 


W. Brule, Materials Bureau, 7A-210 
Barry Ross, Employee Safety & Health, 5-102 Glee 


ASPHALT FUMES DURING INSTALLATION OF RUBBER MODIFIED 
ASPHALT CONCRETE 


November 5, 1993 


INTRODUCTION - Employees of Callanan Industries alleged 
medical symptoms due to installing rubber modified 
asphalt concrete (RMAC) on contract D253962, Route 32 
reconstruction, Albany County. Three employees 
complained of symptoms that included nose bleeds, 
respiratory irritation and bronchitis. The RMAC that was 
installed on the days in question (7/22, 7/25 & 7/26) was 
a product compounded with 2% dry rubber. 


METHODOLOGY - Air samples were collected during the 
installation of RMAC containing crumb rubber and during 
the installation of standard asphalt concrete. Both 
materials were prepared at the Callanan plant in South 
Bethlehem, Albany County. On August 12, 1993, air 
samples were collected for Polynuclear Aromatics (PNA), 
and total volitile organics during installation of RMAC. 
Liberty Mutual was also at the work site, collecting 
samples for asphalt fume. On August 13, 1993, samples 
for PNA and total volatile organics were collected during 
the installation of standard asphalt concrete for 
comparison. 


On October 4, 1993, the asphalt fume was tested for 
phenolics, oxides of sulfur and nitrogen, acetaldehyde, 
and petroleum solvents, using detector tubes manufactured 
by the National Draeger Company, during installation of 
RMAC. 


RESULTS - The values for asphalt fume, polynuclear 
aromatics, and total volatile organics were virtually the 
same. Comparison of the chromotograms found no 


difference between the RMAC and standard asphalt 
concrete. (See attached table). 


The tests for phenolics, oxides of sulfur and nitrogen, 
and acetaldehyde were negative. The petroleum solvent 
was approximately 25 PPM, well within the accepted range 
of airborne levels. 


OBSERVATIONS - The exposure encountered by the paving 
crew members is greatly dependent on atmospheric 
conditions. Calm days will allow the asphalt fume to 
accumulate around the workers. The variability of 
exposure makes it difficult to accurately predict the 
effect of components of the RMAC on employees. The RMAC 
has a strong odor of hot rubber tires. This odor appears 
to be objectionable to most employees, though no health 
problems could be directly associated with it. 


RECOMMENDATIONS - Use of respiratory protection for the 
paving machine operator, the employee riding on the 
screed, and the employee monitoring the dumping of 
material into the hopper is recommended. The use of 
respirators can be on an "as needed" basis, when the 
atmospheric conditions cause a build up of fumes around 
the paving machine and as a result employees find the 
fumes offensive. I would recommend that a fume filter 
Cartridge be used with the respirators. 


CONCLUSIONS - No component in the asphalt fume was found 
to be in the rubber modified asphalt concrete that caused 
the medical symptoms claimed by the paving crew. 


BR: jmm 
cc: D. W. Mencucci, Employee Safety & Health, 5-102 
T. Melander, Construction, Region 1 
P. Mack, Technical Services Div., 7A-210 
P. Wells, Construction Division, 4-101 
J. Bryden, Construction Division, 5-202C 
G. Perregaux, Materials Bureau, 7A-220B 


COMPARISON OF RMAC AND STANDARD ASPHALT CONCRETE 


PERMISSABLE 
RMAC STANDARD AC EXPOSURE LIMIT 
Total Polynuclear 
Aromatis -01 mg/m3 .004 mg/M N/A 
Total Organic 
Volatiles * 0.1 mg/M3 2.0 mg/M3 300 PPM 
Asphalt Fume ** -74 mg/M3 5.0 mg/M3 
-61 mg/M3 5.0 mg/M3 
-41 mg/M3 5.0 mg/M3 
Phenolics Neg. 5 PPM 
Acetaldehyde Neg. 100 PPM 
Sulfur dioxide Neg. 5 PPM 
Oxides of Nitrogen Neg. 5 PPM 
Petroleum 
distillates 25 PPM 500 PPM 


* Comparison of chromatograms found no difference in composition 


** Test performed by Liberty Mutual Insurance. 
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APPENDIX C 


FALLING WEIGHT DEFLECTOMETER 
TEST RESULTS 
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APPENDIX D 


PERCENT AIR VOIDS 


APPENDIX D 


RT. 32 FINISHED PAVEMENT CORES 
LAB TEST RESULTS 


CONVENTIONAL 6F TOP COURSE 


Density Bulk Percent 

Core No. Bulk PCF Spec. Grav. Air Voids 
1A 142.8 2.288 6.84 
2A 142.1 2.278 7.47 
4B 142.8 2.288 7.56 
5B 143.2 2.295 7.24 
6B 142.6 2.285 7.64 
10E 143.5 2.299 6.54 
T1E 145.1 2.326 5.56 
12E 144.8 2.321 5.80 
AVERAGE 143.4 2.298 6.83 
STANDARD DEVIATION — 1.00 0.02 0.75 


AR 6F TOP COURSE 


7C 145.1 2.326 6.10 
8C 143.4 2.298 Jodal 
9D 145.3 2.328 5.75 
13D 140.3 2.248 8.69 
14D 141.3 2.265 8.23 
AVERAGE 143.1 Zieg3 7.18 
STANDARD DEVIATION 2.0 0.0 1.1 


1% RUMAC TYPE 3 BINDER COURSE 


1A 139.6 2.237 9.80 
2A 142.1 22h 7.74 
3A 144.8 2.321 5.46 
19A 142.9 2.290 7.32 
20A 137.2 2.199 10.75 
21A 144.5 2.315 6.54 
AVERAGE 141.9 2.273 7.94 


STANDARD DEVIATION 2.4 0.043 1.82 


RT. 32 FINISHED PAVEMENT CORES 
LAB TEST RESULTS (CONT.) 


2% RUMAC TYPE 3 BINDER COURSE 


4B 139.8 2.240 7.55 
5B 137.7 2.206 = 
6B 135.4 2.170 10.07 
18B 133.0 2.131 12.63 
17B 137.6 2.205 10.76 
16B 130.7 2.095 14.14 
AVERAGE 135.7 2.175 10.71 
STANDARD DEVIATION 3.1 0.049 2.18 


AR TYPE 3 BINDER COURSE 


7C 143.7 2.303 8.10 
8C 147.1 2.357 6.43 
150 146.3 2.344 6.84 
AVERAGE 145.7 2.335 7.12 
STANDARD DEVIATION 1.5 0.023 0.71 


CONVENTIONAL TYPE 3 BINDER COURSE 


10E 146.2 2.348 7.92 
Tie 145.6 2.334 7.01 
12E 145.3 2.328 7.21 
AVERAGE 145.7 2.337 7.38 
STANDARD DEVIATION 0.4 0.008 0.39 


AR TYPE 1 BASE COURSE 


7C 150.0 2.404 4.94 
8C 147.3 2.362 6.57 
15C 149.4 2.395 4.73 
AVERAGE 148.9 2.387 5.41 


STANDARD DEVIATION 1.2 0.018 0.82 


10E 
116 
12E 


AVERAGE 
STANDARD DEVIATION 


16B 
17B 
18B 


AVERAGE 
STANDARD DEVIATION 


RT. 32 FINISHED PAVEMENT CORES 
LAB TEST RESULTS (CONT.) 


CONVENTIONAL TYPE 1 BASE COURSE 


143.5 
144.6 
148.3 


145.5 
on 


2% RUMAC TYPE 1 BASE COURSE 


137.6 
137.0 
138.4 


137.7 
0.57 


eco 
2.318 
2.376 


2.331 
0.033 


2.205 
2.196 
2.218 


2.206 
0.01 


8.95 
8.34 
6.31 


7.87 
1.13 


12.01 
10.66 
8.95 


10.54 
1.25 


APPENDIX E 


COST ANALYSIS 


COST ANALYSIS 


RUBBER USAGE 1993 


ASPHALT RUBBER (AR): 
(10% CRM AC) 


Base: 0.43% rubber in mix; 1690 tons hot.mix used 
Binder: 0.46% rubber in mix; 625 tons hot mix used 
Top: 0.56% rubber in mix; 1250 tons hot mix used 


RUBBER-MODIFIED HOT-MIX ASPHALT (RUMAC): 


Base: 2% rubber in mix; 3380 tons hot mix used 
Binder: 2% rubber in mix; 625 tons hot mix used 
Binder: 1% rubber in mix; 625 tons hot mix used 


Tons of recycled rubber used: 


( AR base ) + (AR binder) + (AR top _) + (RUM.base) + ( RUMAC binder _ ) 
(0.0043* 1690) + (0.0046*625) + (0.0056*1250) + (0.02*3380) + ((0.02*625) + (0.01*625)) 


= 103.492 tons of CRM 
= 206,984 Ib of rubber 
assuming 12 lb of rubber per tire 
a 17,249 tires 
Additional cost of project was $250,000 which yields: 


$14.49 per tire 
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